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In this study we examine the co-movement between the Greek, German, French, Italian and 
Spanish equity market before and after the financial crisis of 2007-2008, by applying co-
integration analysis. The empirical results indicate one co-integrating vector amongthe five 
Eurozone equity markets for both periods, implying that the five markets share in both periods 
a long-run equilibrium. Thesefindings have some significant implications for European-oriented 
portfolio diversification because the traditional techniques based on correlations lose their 
effectiveness in the presence of co-integration.  
Furthermore, we investigate the short-run casual relationships between the five markets to 
assess if the financial crisis changed these relationships and to determine which markets have a 
short-run significant effect on the others.We found that in the short-run there are significant 
casual relationships, as well as deviationsfrom the long-run equilibrium, especially after the 
financial crisis.Hence, investors with short investment horizons could achieve high returns 
across these five markets.  
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1.1 Research Motivation 
In the recent years, the phenomenon of globalization has accelerated dramatically. Since the 
1980s, most of the developed and merging economies have removed the barriers and relaxed 
the regulations regarding international and domestic investments. The creation of common 
trading alliances (e.g. EU, NAFTA, etc.) has created strong economic ties between various 
markets (Gelos and Sahay, 2000). Furthermore, the rapid technological advances in the 
telecommunications and the computerized trading systems have increased the accessibility of 
information by investors. Bekaert and Harvey (1997) argued that these phenomena have raised 
the co-movement of equity markets.  
In the case of European Community (EC) the phenomenon of the co-movement of national 
equity markets is strongly evident. This is a result of the unification process at the level of 
national economies and financial markets that has taken place across the EU countries. Many 
empirical studies have been conducted within Europe and showed evidence of high integration 
among the European equity markets (see for example Taylor and Tonks, 1989; Dickinson, 
2000). Baele (2005) found evidence that the level of integration has increased dramatically 
among the EU countries that adopted the euro currency. A recent study by Hardouvelis et. al. 
(2006) who studied the 11 Eurozone countries found that since the late 1990s when the EU 
formed the Economic and Monetary Union (EMU) the level of co-movement among of the equity 
markets inside the EU has been increasing; with the Eurozone countries showing evidence of 
being fully integrated.  
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The important issue about the co-movement of international equity markets is that in a dynamic 
financial environment, knowledge of relationships among different equity markets provides 
important implications for both portfolio and risk managers.  If a high degree of integration 
exists among different equity markets, this would have as result fewer opportunities for 
investors to diversify their portfolios. The presence of common trends in different equity 
markets limits the independent variation through time of each market (French and Poterba, 
1991). Consequently, investors should take into account the existence of co-movement in order 
to construct well diversified portfolios.  Furthermore, the process of risk management is based 
on how different assets or financial markets are interrelated. If different equity markets move 
together, then investing across different markets will not reduce the overall risk of a portfolio 
(Kasa, 1992). Finally, another important issue regarding co-movement is that if two markets are 
co-integrated, then possible arbitrage profits can be explored. 
Many studies have been motivated by the problems for portfolio investment that arise from the 
co-movement of equity markets (Jeon and Von Furstenberg 1989; Levy and Sarnat 1970; Ciner 
2006). In the past, many empirical researches have been conducted to explore the co-
movement of the global equity markets, but have focused mainly on how the US affected other 
national equity markets. Lin, Engle and Ito (1994) summarized these empirical studies and 
extracted three main points: (1) In periods with high volatility, the integration of major markets 
rises, (2) the market that has the greatest impact on other markets is the US and (3) the 
correlations between equity markets are time-varying.  
Although, there is a vast literature focusing on the co-movement of the Eurozone equity 
markets, such as Dvorak and Podpiera, (2006); Syriopoulos, (2007), the unparalleled events 
that occurred after the financial crisis in 2007-2008 were far from what anyone could imagine. 
The financial crisis in 2007-2008 which started for the US and was transmitted to the rest of the 
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world led to the almost collapse of the financial system and had a huge impact in the Eurozone. 
Eventually, in the Eurozone many countries suffered severe with Greece, Ireland and Portugal 
almost becoming bankrupt. For the first time in the modern history of the EU, three member 
countries (Greece, Ireland and Portugal) had to be bailed out in order to prevent a general 
collapse of the Eurozone. Studies that have been conducted in previous crisis have shown 
evidence that in crisis times the interdependence of equity markets rises significantly and the 
benefits of international diversification virtually disappear (Malliaris and Urrutia, 1992).  
 
1.2 Goal and Purpose 
Motivated by the above facts, we were inspired to empirically study the co-movement of the 
Greek equity market with four major Eurozone equity markets (Germany, France, Italy and 
Spain) before and after the financial crisis of 2007-2008. The purpose of this study is to fill the 
gap in the literature and make suggestions to prospective investors in these five equity markets. 
An additional contribution of our study is that we use the most recent data which give us the 
opportunity to incorporate the major events that are taking place in the Eurozone’s ongoing 
crisis.  
Specifically the following questions are studied closely: 
1. Did the long-run relationship between the equity markets of Greece, Germany, Italy, 
France and Spain change after the financial crisis? 
2. Which market(s) is/are the most influential among the five markets before and after 
the financial crisis? 
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3. How much a shock in one market influence another one, before and after the 
financial crisis? 
4. How much of the variance in one equity market can be explained by the other four 
Eurozone markets, before and after the financial crisis? 
There are many reasons to be interested in this group of equity markets. First of all, there are 
no studies that we are aware of, that examine how the co-movement of the Eurozone equity 
markets, including the Greek market, developed after the financial crisis of 2007-2008 and 
especially after Greece received financial aid from the European countries and the International 
Monetary Fund (IMF). Secondly, by examining the co-movement between these five markets 
we can provide insights to investors about the long-run and short-run relationships among them 
and on whether the information from one market can be used to explain the price movements 
into other markets. There are also, implications for the prospects of diversifying across these 
markets. Furthermore, another important reason why we choose to study the Greek equity 
market with other four markets is that although previous empirical studies supported that the 
most influential market in the Eurozone was Germany (Moreno and Olmeda, 2000), we wish to 
determine if the huge debt of the Greece (near €400 billion) has caused the Greek market to 
influence the other four equity markets across Eurozone.  
In order to analyze our data and answer our research questions we will employ co-integration 
techniques. The co-integration methodology has emerged as a useful tool to investigate the co-
movement among different equity markets. More specifically we will apply the following 
econometric methods: 1) Johansen (1991) co-integration test to investigate the long-run 
relationship between the five equity markets, before and after the financial crisis, 2) Granger 
(1969) Causality test to perceive if there are casual relationships between the five markets, 3) 
Variance Decomposition to measure the percentage of the variance that can be explained by 
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the equity market of interest, itself and the percentage that is the result of the other markets in 
the model (Pesaran and Shin 1998) and 4) Impulse response analysis to examine in what 
extent previous shocks at a previous time on one of the markets in the study influence the 
investigated market at the current time.  
 
1.3 Outline 
This study is organized as follows: Section 2 provides some keys pieces of information about 
the Eurozone and the equity markets of Germany, Italy, France, Spain and Greece. Section 3 
provides a survey of previous empirical studies on the co-movement phenomenon, divided into 
three sub-sections: i) Early Studies, ii) Volatilities and correlations linkages and iii) Co-
integration of equity markets. Following, in Section 4 we describe the data that was used in our 
study and justify the time horizon of the selected data, as well as we discuss the advantages of 
the econometric techniques that we are going to employ. Section 5 presents the empirical 
results, followed by Section 6 where we conclude our study, but also address any limitations 




2. Background Information  
2.1 Eurozone Equity Markets 
The last decade the Eurozone has undergone a significant transformation and economic growth. 
The introduction of Euro as a single currency marked a fundamental change in the monetary 
policy of the countries that adopted it. An instant result of the adoption of Euro as a common 
currency was the full integration of the Eurozone interest rates and the high degree of 
integration of the fixed-interest markets (Adjaoute and Danthine, 2003). The Euro facilitated 
macroeconomic stability and strengthened the financial markets of the Eurozone countries. 
Another, important outcome of the Euro was the elimination of the exchange rate risk across 
the countries in the Eurozone. As a result, the Eurozone equity markets became more attractive 
to international investors as well as to domestic ones and merged to an important source of 
equity founding around the globe (Hartmann et al., 2003).  Finally, as Pere and Steinherr 
(2001) argued the adoption of a single currency also increased the co-movement of the equity 
markets within the Euro area, raising important issues for portfolio diversification. 
 In our study we will examine the co-movement between the equity markets of Greece, 
German, France, Spanish and Italy. Below Table 1 summarizes key equity market figures at the 
end period from 2006 to 2011 including number of listed companies, capitalization and 







Table 1. Key equity market figures 
 2006 2007 2008 2009 2010 2011* 
























Italy 311 307 300 282 287 274 
Spain 3,378 3,537 3,576 3,472 3,345 3,253 
Market Capitalization (in million of €) 
Germany 1,241,963.3 1,439,955.3 797,063.0 900,771.7 1,065,712.6 1,118,901.8 
Greece 152,207.9 181,233.2 64,736.5 78,504.8 50,378.9 46,042.5 
France 1,841,586 1,874,393 1,505,176 1,995,787 2,179,056 2,001,358 
Italy 778,500.8 733,613.7 522,087.8 655,848.2 429,978.7 418,464.6 
Spain 1,003,299.0 1,231,086.4 680,632.4 999,874.7 873,329.3 932,760.6 
Equity Market significance in the real economy ** 
Germany 53.8% 63.4% 30.2% 38.7% 43.2% 44.9% 
Greece 80.9% 84.4% 25.2% 34.1% 22.2% 21.6% 
France 97.2% 96.2% 78.9% 102.5% 97.2% 101.3% 
Italy 52.8% 51% 22.6% 47.8% 27.6% 26.9% 
Spain 102.8% 123.7% 59.2% 97.7% 85.2% 87.9% 
 
Notes: * All the data corresponds to year-end, with exception of 2011 where data was available until June 2011. 
** The GDP for each country for the year 2011 is based on forecasts and not actual values since the data was 
not available at that time. 
Source: World Federation of Exchanges 
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Table 1 shows that the five equity markets from 2006 to 2007 had a significant size and great 
contribution in real economies. After the sub-prime financial crisis in 2007-2008 all of them fell 
sharply losing more than 50% of their capitalization. According to all measurements (Table 1) 
the major economies of Eurozone (Germany and France) seems that have overcame the shock 
of financial crisis. However, Spain, Italy and Greece which their national economies facing major 
economic problems due to their huge national debts, does not show evidence of growth. 
Furthermore, we can see that the dominants markets in terms of capitalization are the German 
and the France equity market. The Greek market is the smallest one among these four.  
2.1.1 Greek Equity Market 
The Athens Stock Exchange (ASE) is the only exchange market for shares, rights GDR’s, 
derivative products and bonds trading in Greece (HELEX, 2010). The main index of ATHEX is 
Athens General Composite Share Price index (ATHEX). It is a capitalization-weighted index of all 
the stocks that are listed at the Athens Stock Exchange.    
 
2.1.2 German Equity Market 
Frankfurt Stock Exchange (FSE) is the leader stock exchange market among seven others in the 
Germany by serving almost 90% of the domestic equity market today. The tradable instruments 
that can be exchanged at the FSE are stocks, bonds, derivatives, ETFs (exchange traded funds), 
ETCs (exchange traded commodities), warrants and ETNs (exchange traded notes). DAX30 is a 
benchmark index for the German equity market and for the German economy as a whole. 
DAX30 is a blue-chip index and represents the 74% of the turnover of FSE and 80% of the 




2.1.3 French Equity Market 
Euronext Paris, previously known as Paris Bourses, is France’s main exchange market. The 
securities that can be exchanged to Euronext Paris cover almost every financial instrument from 
simple shares to Swap notes and STRIPs. A reference index for the French stock market is 
CAC40. CAC40 is a market capitalization-weighted index of 40 companies with the highest 
capitalization that are listed in the Euronext Paris. CAC 40 captures, on average, more than 
70% of the total market capitalization (Euronext Paris, 2010). 
2.1.4 Spanish Equity Market 
Madrid Stock Exchange (Bolsa de Madrid) is the largest stock exchange in Spain among four 
others regional markets. The financial instruments that can be traded at the Madrid Stock 
Exchange covers the majority of exchange-traded financial instruments. One of the most 
important indices at Madrid’s Stock Exchange market is the IBEX 35 index. IBEX 35 
capitalization-weighted index composed by the 35 most liquid stocks, traded at Madrid’s Stock 
Exchange. It serves as benchmark for the performance of the whole equity market in Spain as it 
captures more than 60% of the total market capitalization (Bolsa de Madrid, 2010). 
2.1.5 Italian Equity Market 
The Milan Stock Exchange (Borsa di Milano) is Italy’s main stock exchange market. The type of 
transactions that can take place at the Milan Stock Exchange are trading activities for stocks, 
bonds, derivatives, warrants, and ETFs (exchange traded funds). One of the most important 
indices at Milan Stock Exchange is the market capitalization-weighted index FTSE MIB which 
serves as a proxy for the performance of the Milan’s stock exchange. FTSE MIB is composed by 
40 Italian equities across different sectors that are highly liquid. It represents approximately the 
80% of the market capitalization as a whole (Borsa Italiana, 2010). 
16 
 
3. Literature Review 
3.1 Early studies 
Harry Markowitz in 1952 created the modern portfolio theory when he published his landmark 
paper “Portfolio Selection” at the Journal of Finance. Markowitz (1952) argued that an investor 
can combine different assets (i.e. stocks etc.) in such a way that it increases the return and at 
the same decreases the risk of a portfolio. The great recognition of the benefits of 
diversification, from both academics and financiers, motivated many empirical studies that tried 
to explore the relationships between different assets and different markets. The seminal work 
of Solnik (1974) developed the concept of diversification one step further, suggesting that 
international investments increases the benefits of diversification even more. Solnik (1974) 
based on the portfolio theory examined the benefits of diversification across the US and seven 
major economies in the EU, between 1966 and 1971, and found that equity markets of different 
countries are not highly correlated. Grubel (1971) also, supported the view of Solnik (1974) that 
the equity returns of different markets did not exhibit high correlation. 
Levy and Sarnat (1970) supported the benefits of international diversification based on the 
argument that diversification across different sectors in the same equity market is not sufficient. 
They argued that the benefits of diversification diminish when a portfolio is constructed with 
equities across different industries from the same equity market, because equity returns are 
highly correlated with the real economy and tend to move in unison within national borders. 
Thus, investors should include in their portfolio foreign assets from countries whose national 
economies are not highly correlated. In their study, they focused on the construction of an 
efficient portfolio from the perspective of an U.S investor; focusing in 28 countries for the 
period 1951 to 1967. The most important finding of this study was that equity returns from the 
17 
 
U.S were highly correlated with Canada and other developed countries, but not with the 
developing countries, and tend to move together as a result of the strong economic ties across 
these countries.  
Grubel and Fander (1971) researched the relationship of the U.S equity market with other 
markets around the globe by examining the variance-covariance matrices of equity returns. 
They proposed that the different business cycles and the different macroeconomic environment 
between countries, as well as currency rates made foreign equities desirable in the portfolios of 
U.S investors. They argued that the globalization phenomenon had resulted equity returns to 
move together. By examining the variance-covariance matrices of equity returns Grubel and 
Fander (1971) found that the benefit for U.S investors who diversify internationally would 
primarily be the reduction of portfolio risk and not an increase of return. Furthermore, they 
compared in pair’s equity returns from the U.S and other countries, for similar sectors, and 
found that a higher correlation existed for the sectors that had high degree of international 
trade. Thus, they concluded that equities from similar sectors but from different markets were 
highly correlated and investors should diversify across different sectors internationally. 
The studies that we already mentioned were based mainly on the portfolio theory and the 
examination of correlation matrices of equity returns. After the establishment of this empirical 
framework many researchers focused on the co-movement phenomenon of equity markets in 
order to create better investment rules. The concept of diversification motivated them to study 
the interdependence between equity markets by examining the correlations matrices. Lessard 
(1973) employed a factor analysis model to examine international diversification potential in the 
presence of equities market co-movement among a set of Latin American countries. He 
hypothesized that equity returns for a given time period are a function of a set of factors, 
specific to each country. These factors were the import/export volume of each country, the 
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convergence of business cycle, production and consumption of each country. He argued that 
these factors can be used to determine the degree of connections between the equity markets 
of Latin America because of the similarities that exhibit. His analysis showed that there was not 
any integration of the equity markets of Latin America. However, at that time the 
homogenization of national economies was very low and most of the countries allowed limited 
access to foreign investments.  
Similarly, Ripley (1973) used factor analysis to examine the co-movement of equity markets 
between 19 developed countries, from 1960 to 1970. He argued that there are two possible 
reasons that may create a phenomenon of co-movement between markets. Firstly, the 
economic similarities found between countries and secondly the expansion of multinational 
companies. Many theories suggest that there is a connection between the size of national 
economy and the size of domestic equity market. Hence, countries whose economies move in a 
similar way (i.e. same rates of growth etc.) may have equity markets that also move together. 
Also, if multinational companies have shares traded in different markets, investors would have 
the same expectation for every market. Ripley (1973) did not find any significant evidence of 
co-movement across the developed countries. Also, Robichek, Cohn, and Pringle (1972) did not 
find high degree of co-movement between the equity markets of Australia, U.S and Japan.  
The co-movement of equity markets has also been studied by Agmon (1974),Granger and 
Morgenstern (1970) and Hilliard (1979). Agmon (1974) based on the one market hypothesis 
explored the lead-lag relationship using a regression model for the equity markets of U.S, 
Germany, Japan and UK. He found evidence that the U.S market had a small influence on the 
price movements at the others markets but not the other way around. However, no significant 
relationships were found among the five markets. Granger and Morgenstern (1970) applied 
spectral analysis using the prices of stock indices in eight countries and concluded that there 
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was not any integration between the different equity markets. Furthermore, they argued that 
this relationship might change if a global financial crisis or war occurred. Similarly to the above 
studies, Hilliard (1979) used spectral analysis on ten major industrial stock indices with the 
difference that in his data included the OPEC embargo which had a huge impact on the financial 
markets. The results showed that there was a stronger relationship between the price 
movements of equity markets in the same continent, rather than markets that were based on 
different continents.  
Another early attempt to examine the relationships between different equity markets were the 
contagion tests methodology. Firstly, the correlation of returns between two markets is 
measured for a stable time period and then is tested for a change in its value after a shock 
occurs. An increase of correlation between the two markets after a shock is interpreted as 
evidence of contagion. Thus, when a shock occurs in the financial markets the benefits from 
diversification are reduced. King and Wadhwani (1990) tested for changes in the correlation 
coefficient between the U.S, the UK and the Japan before and after the crash in 1987. They 
concluded that the correlations increased significantly between these equity markets during the 
crisis. Similar results were found by the study of Lee and Kim (1993) who examined 12 major 
equity markets before and during the crash in 1987. However, this methodology was focused 
mainly on the transmission of a shock and its flow through equity markets during periods of 
crisis.  It did not provide the general structure of dependence between the various equity 
markets which has important implications in portfolio investment. 
Koch and Koch (1991) studied the linkages between eight equity markets for three sub-periods, 
1972, 1980 and 1987. By calculating the correlation matrices in each sub-period and employing 
Chow statistics they concluded that the interdependence among equity markets increased from 
1972 to 1987. On the other hand, Kaplanis (1988) examined the stability of the correlation 
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matrices of ten equity market through a 15 year period, divided in three sub-periods of 46-
months. She compared the correlation matrices by using Jenrich (1970) test under the null 
hypothesis that correlations are stable over two continuous periods. The results showed that 
correlations remain almost constant over the sub-periods, concluding that there were not any 
changes between the correlations of equity markets over 15 year period.  
The methodological approaches described so far had shown conflicting evidence about the co-
movement of the equity markets. The main reason is that these empirical studies have 
significant methodological shortcomings in revealing the dependence/co-movement between 
the markets. Firstly, the examination of a constant correlation or variance/covariance matrix 
cannot capture the dynamic and causal relationships of equity markets because as Baur (2003) 
pointed out correlations and variances/covariance’s are time-varying variables. Thus, the use of 
unconditional correlations is not the best measure to explain the relationships between equity 
markets.  Also, in the attempt many researchers to capture the time property of their data used 
regression models without taking into account the assumption of stationarity. Eum and Shim 
(1989) argued that stationarity is crucial for models that examine the effectiveness of 
diversification; otherwise it leads to distorted results.  Moreover, Nelson (1991) argued that the 
assumption of homoscedasticity which is crucial when we are modeling financial time series do 
not hold over time. Rohnn (1998) found evidence that changes in equity market volatility can 
bias the estimation of correlations. The link between volatility and correlations creates many 
problems in the process of diversification. In crisis time when the benefits of diversification are 
need most, they diminish (Longin , 1995). Many researchers recognized these shortcomings and 
two distinct methodologies evolved in order to explain the co-movement phenomenon at equity 
markets. The first one is based on volatilities linkages and dynamic correlations across equity 
markets and the second is based on the co-integration theory. 
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3.2 Volatilities linkages and dynamic correlations 
A revolutionary approach to investigate the co-movement of equity markets that overcame the 
serious shortcomings that we already mentioned, was the volatility linkages (or volatility 
spillovers) and the dynamic correlations models. These two empirical frameworks allowed 
variance/covariance’s and correlations to evolve over time, enabling the researchers to examine 
the dynamic linkages between different equity markets.  Based on the seminal work of Engle 
(1982), Bollerslev (1986) and Bollerslev, Engle and Wooldridge (1988) on Autoregressive 
conditional heteroskedasticity (ARCH) family models, a great variety of models were created to 
investigate the co-movement phenomenon in the context of second moment’s 
interdependences. One of the first studies that used this empirical framework to examine the 
integration of equity markets was by Hamao, Masoulis and Ng (1989) who used a generalized 
autoregressive conditional heteroskedasticity model (GARCH) and found evidence of volatility 
linkages across various equity markets. 
Hamao et. al (1991) examined the volatility spillovers between the equity markets of New York, 
London and Tokyo using univariate ARCH models. They found that after the crash of 1987 there 
were volatility spillovers from New York to Tokyo and London, as well as from London to Tokyo. 
Furthermore, they found that there were not any volatility linkages before the crash and the 
interdependence between these markets has increased steadily through time. Lin et. al. (1991) 
used a bivariate GARCH model and found that the U.S and the Japanese market were 
influencing each other. Their findings showed that volatility linkages between the two markets 
were a mutual process. Using a similar model Darbar and Deb (1997) examined the co-
movement of equity returns across major international markets. The most important finding of 
their study was that the casual relationships between the different markets were temporary 
rather than permanent. Thus, in the long-run the benefits from diversification were available.  
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Koutmos and Booth (1995) investigated the relationships between the US, UK and Japanese 
from 1986 to 1993. Following the argument of Engle (1993) that a negative shock to a financial 
time series causes higher volatility than a positive shock of the same magnitude, they employed 
an Exponential GARCH (EGARCH) model which allows the asymmetric response to shocks. They 
found that the transmission of volatility between the markets increased after the crash of 1987, 
as well as the integration of the markets. Their findings supported the view that when the 
markets are more volatile the interdependence between them increases (Longin, 1995). 
Similarly Kanas (1998) used a bivariate EGARCH model and examined the equity markets of 
London, Paris and Frankfurt, over 1984-1993. He found reciprocal volatility spillovers between 
the market of Paris and Frankfurt along with Paris and London. However, the spillovers between 
London and Frankfurt were unidirectional. He also found greater interdependence between 
markets returns in the post-crash period. 
Leachman and Francis (1996) investigated volatility transmissions among the G7 countries. 
They employed a multivariate empirical framework. Firstly, they modeled the volatility of each 
series by using a univariate GARCH model and then they used a Vector Autoregressive model 
(VAR) to explore the volatility linkages among the G7 markets. Their empirical results revealed 
that the national equity indices of the G7 countries from 1973 to 1993 had significant linkages. 
Furthermore, they showed that there were asymmetries in volatility transmissions, with the US, 
UK and German markets showing a high degree of interdependence; in contrast France, Italy 
and Japan exhibit a degree of isolation from the other markets. These results suggested that 
some markets were not affected by others and especially in times of high volatility, when 
diversification is most needed.  Booth et al. (1997) tested for both volatility and price spillovers 
among the four Scandinavian countries (Sweden, Norway, Denmark and Finland) and found 
evidence of co-movement between these equity markets.  
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Fratzscher (2001) used a trivariate GARCH model and found that the European markets had 
become more integrated after 1996, as a result of European Monetary Union (EMU). Billio and 
Pelizzon (2003) looked at the volatility spillovers within European Union (EU) using a switching 
regime GARCH model. This type of model allows the volatility spillovers parameters to change 
through time. They argued that the volatility and the correlations between markets may shift, 
from high to low and vice-versa, because of the events that occur in the financial and economic 
environment (crisis, policy rules etc.). They found that the volatility spillovers from international 
equity markets and Germany to the other European markets have increased after the EMU. 
Moreover, they argued that the use of a switching regime GARCH model has the advantage to 
capture the duration of shocks in the system and it allows the calculations of time-varying 
correlations. From both studies we can see that the unification of the EU countries has 
strengthened the co-movement of the equity markets, creating fewer opportunities for 
diversification within EU.  
Davis et al. (2005) tested for changes in the volatility linkages of the EU and US equity markets, 
before and after the adoption of the EMU, by estimating a BEKK-GARCH model over 1993-1998 
and 1999-2004. Their result showed that the volatility transmission from the US equity market 
had the biggest influence in the EU markets, with the exception of the UK.  Also, their results 
favored the diversification across different sectors in different EU equity markets, in contrast 
with asset allocation within the same market. High degree of integration was supported by the 
results between the countries of EU and especially between the countries that have adopted the 
euro currency. Kim et al (2005) also found increased integration after the EMU and the 
adoption of euro.  
Another hypothesis that has been considered in empirical studies is whether volatility linkages 
and correlations increase as result of major changes due to globalization.   Berben and Jansen 
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(2005) studied this hypothesis by examining correlations shifts among the equity markets of 
Germany, US, UK and Japan, from 1980 to 2000. They employed a smooth transaction 
correlation (STC) GARCH model and found that correlations have strengthen significantly 
(almost doubled) between the markets of Germany, US and UK in this period. In contrast the 
correlations of the Japanese market have remained with the others market almost steady, 
around 0.30 in this period. Furthermore, their estimation showed that adjustment speed 
between the markets varies. They argued that this result can be explained by country specific 
factors. Finally, they suggested that the weight of Japanese equities in an optimal portfolio 
should be high, since the Japanese market had the lowest correlation with the other markets. 
Consistent with the above studies Bekaert et al. (2005) and Goetzmann et al. (2005) found 
casual relationships between the equity markets of Eurozone which strengthen significantly 
after 1998. A higher degree of integration was found between the major economies in Eurozone 
(France, Spain, Italy, Germany and Netherlands), whereas the smaller ones (Greece, Portugal, 
Belgium and Finland) the results did not support that. They argued that these might be the 
result of higher interdependence between real economies of Eurozone countries. Although, the 
differences found across the Eurozone countries (i.e. taxation, regulations, transaction costs 
etc.) prevent the full integration of the equity markets, leaving still opportunities for 
diversification within Eurozone. Furthermore, they studied the relationship of non-Euro equity 
markets (UK and Sweden) and found that in the last few years their interdependence with the 
Eurozone markets has increased.  
One of the few studies on volatility linkages that included the Greek market as a point of 
reference, was by Samitas et al. (2006, 2007) who examined the relationships between the 
emerging markets of Balkans (Turkey, Albania, Bulgaria, Serbia, FYROM, Romania, and Croatia) 
with four developed markets (UK, Germany, Greece, and US). In their study they used a 
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switching regime error GARCH model to test for possible linkages among the markets. The 
results showed that the Balkan markets shared a long-run relationship with the developed 
markets. Furthermore, the presence of interdependence limits the benefits of diversification in 
these countries. Thus, the authors argued that it is better for international investors to adopt an 
active portfolio management strategy rather than a passive, in order to achieve superior 
returns.  However, there are no many empirical studies regarding the linkages of the emerging 
markets in Balkans with the developed ones and the results of these studies are inconclusive 
(Syriopoulos, 2004, 2006, 2008). 
Syllignakis and Kouretas (2006) used a Dynamic Conditional Correlation (DCC) GARCH model to 
examine the integration of seven equity markets from Central Europe (Poland, Czech Republic, 
Hungary, Slovenia, Slovakia, Romania and Estonia) together with Germany and US equity 
markets, from 1995 to 2005. They found significant linkages between the countries of Poland, 
Czech Republic, Hungary, Slovenia and Slovakia with the two major markets. Contrary, the 
equity markets of Romania and Estonia demonstrated isolation from the other markets. On the 
one hand, their results revealed reduced benefits from diversification into the countries of 
Poland, Czech Republic, Hungary, Slovenia and Slovakia, because of the high degree of 
integration and the increased conditional correlations over this period. On the other hand, asset 
allocation at the markets of Romania and Estonia generates greater reduction of risk and higher 
returns, because of the isolation that these markets exhibited. However, they argued that 
during the Asian and Russian crisis there were spikes of higher correlation of the Romania and 
Estonia markets with the others countries in the Central Europe, but afterwards the correlations 




3.3 Co-integration of equity markets 
Co-integration theory is an alternative powerful way of testing the co-movement between 
various equity markets. Hence, if co-integration is found across different equity market price 
indices, we expect them to commove and retain this long-run relationship. One of the major 
applications of co-integration theory is in portfolio investment where can be used to analyze the 
diversification opportunities between equity markets, overcoming the problems that we already 
mentioned. This technique has been widely used and discussed in the financial econometric 
literature by researchers and financiers. 
 The concept of co-integration was firstly introduced by Granger (1981) and Granger and Weiss 
(1983) as statistical method to examine the relationships between different time series. Later, 
Engle and Granger (1987) proposed a two-step procedure to test for co-integration.  Additional 
methods were introduced by Johansen (1988) and Johansen and Juselius (1990) that enabled 
researchers to model both long-term and short-term relationships between time series by using 
a vector autoregressive (VAR) model. Furthermore, Eun and Shim (1989) suggested in the 
context of VAR framework two techniques to analyze the interactions of different markets in a 
more straightforward way, namely the Impulse Response Analysis and the Forecast Error 
Variance Decomposition Analysis. 
Many papers have been produced studying the relationships between equity markets based on 
the co-integration theory. Kasa (1992) examined the existence of co-integration between the 
equity markets of the UK, US, Japan, Canada and the Germany, using monthly and quarterly 
data. The life span of his data covered the period from 1974 to mid-1990 and the analysis was 
done by applying the Johansen (1988) methodology. The results indicated that the five markets 
were sharing a common stochastic trend. Thus, in the long-run would not drift apart. Cohray et 
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al. (1993) also found evidence that the equity markets of the UK, France, Germany, 
Netherlands and the Italy from 1975 to 1991 were co-integrated, with two co-integrated vectors 
suggesting that although a long-run relationship existed, these markets were not fully 
intergraded. Hence while the study showed that there was a co-movement between the 
markets, also indicated that might be a few excursions from this trend.  
Arshanapalli and Doukas (1993) based on the co-integration theory examined the co-movement 
and the interactions between the equity markets of US, Germany, France, UK and Japan over 
the period of 1980-1990. They found that after the crash of 1987 the co-movement between 
these markets increased significantly, with the exception of the Japanese market. Furthermore, 
they applied error-correction techniques to capture the dynamic interactions between the five 
markets. Their analysis showed that the US market affected most the markets of French, 
German and UK, especially after the crash. However, the impact of the EU markets was 
insignificant on the US market. Finally, they found that the price movements of the Japanese 
equity market were not affected by any of the others markets.  
Serletis and King (1997) found five co-integration vectors among ten EU equity markets. These 
results implied that there were transmission of shocks between the markets and the 
performance of the markets was not equalized. In other words, these markets did not share 
one common trend. Also, they argued that these results could be explained by the differences 
found in monetary policies and regulatory framework of equity markets across EU countries. 
The Greek market exhibited low correlation with the other markets, possible because of the 
slowest adjustment to the regulatory framework of EU. Friedman and Shachmurove (1997) in 
same line as the previous study, found that the largest markets of the EU (Germany, UK, France 
and Netherlands) were more interrelated, in contrast with the smaller ones where shown to be 
more independent. Furthermore, the UK market appeared to be the most influential market in 
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the EU, whereas the Germany and France influenced only their smaller neighbor countries.  
Hence they suggested that in order investors to gain greater benefits from diversification should 
include the smaller markets with substantial weights in the portfolio. 
Gerrits and Yuce (1999) by applying co-integration techniques (Granger causality, Johansen test 
and error-correction analysis) documented that the long-run relationship among major 
European markets has weakened during the period 1990–1994. Moreover, they found that the 
US market had the biggest impact on the EU markets. Knif and Pynnonen (1999) extended the 
above study by including smaller markets from the EU. They found also evidence of 
interdependence among the major markets of the EU, whereas little relations of the smaller 
markets with the major ones.  Furthermore, Knif and Pynnonen (1999) argued that investors 
who diversify across the EU markets would not achieve higher returns, but the main benefit 
from diversification process would be the reduction of portfolio risk. 
Dickinson (2000) studied the co-integrating relationships among major EU equity markets. He 
found that the co-movement between the markets started after the crash of 1987, before that 
there were not any evidence of co-integration between the EU markets. The results revealed 
that transmission of shocks between the markets have increased significantly over this period. 
Also, he argued that these relationships might change in the future because of the unification 
process (Maastricht treaty, EMU, Euro etc.) that is undergoing in the EU. In the same direction, 
Rangvid (2001) used co-integration analysis and examined the degree of market integration 
among the equity markets of France, Germany and UK from 1960 to 1999. He found that there 
was not any co-integration in the late 1960s, but in mid-1970s these changed. The three EU 
markets have been increasingly integrated, reaching a high degree of integration after the 
1990s. Both studies supported that the increased co-movement between equity markets in the 
EU is a result of the liberalization of securities markets across EU and the political decision for 
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the monetary union. Thus, diversifying into EU equity markets cannot be effective if investor do 
not take into account that the markets are co-integrated. 
More recently, Phengpis and Apilado (2004) investigated the co-integration of equity market 
indices of major EMU countries with non-EMU countries. Their results found two common 
stochastic trends in the group consisting from the EMU markets, but none at the non-EMU. This 
indicated that the strong economic ties between the countries of the EMU, is an important 
factor which leads to co-integration of equity markets across national boundaries. Furthermore, 
they argued that even after controlling for the effects from the crash of 1987 and the Asian 
crisis 1997, the results were the same.  Hence they suggested that investors should include in 
their portfolio assets from the non-EMU countries, in order to gain greater benefits from 
diversification. 
A more cooperative study by Fraser and Oyefeso (2005) used 27 years of data and examined 
the long-run relationships between the US, the UK and seven EU equity markets. They found 
that all markets were linked by a common stochastic trend and therefore are perfectly 
correlated in the long-run. Furthermore, the analysis showed that the markets of the UK and 
the US were less influenced by other markets and contributed less in the common trend than 
the European markets. However, they argued that there were deviations from the common 
trend, suggesting that in the short-run the benefits from diversification were available. We 
should point out that the result of the less significant impact of the US market on others, 
contradicts most of the previous studies which supported the dominant role of the US. One 
possible explanation offer by the authors about this result was that continuing growth and 
merger activities of the EU markets, as well as the common currency have lead the EU to a 
leading market around the globe. 
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Although, there are many studies regarding the co-movement, in terms of co-integration, of the 
EU and the Eurozone equity markets only a few papers included the Greek equity market and 
even less focused on the interactions of the Greek equity market with others. One paper that 
examined the Greek market and six European markets using co-integration theory was by 
Milionis et. al (2003). They employed both the Johansen (1988) test and the two-step method 
of Engle and Granger (1987), over a dataset with lifespan from 1998 to 2000. The analysis 
showed that there were not any links between the Greek equity market and the equity markets 
in Germany, Belgium, Portugal, France, and Italy, while a long-run price co-movement existed 
between the Greek and the UK equity market. Based on these results they argued that the 
assets in the Greek market could be used in the construction of an efficient portfolio.  
Another study regarding the Greek equity market was by Constantinou et al. (2005) and 
examined the existence of co-integration between the Greek market and the markets of Cyprus, 
US and UK, for the period 1996-2002. They found that the Greek market was co-integrated with 
the major ones, but not with Cyprus. Therefore, they argued that there are small benefits from 
diversification if assets from all the markets were included in a portfolio. The most up to date 
study is the one by Syriopoulos (2007). In this study the examined the co-movement and the 
interactions of the Greek market with the markets from Balkans, including also two major 
markets (US and UK), over the period 2001-2007. The results showed long-run relationships 
between the Greek and the Balkans markets, whereas a higher degree of co-integration was 
found between the Greek market and the developed ones. Furthermore, they argued that they 
were some potential for efficient diversification across these markets. However, they pointed 





3.4 Summary and main points of previous studies 
 In this section we saw that there have been numerous studies which have attempted to 
analyze the relationships between different national equity markets. All the previous studies 
were motivated by the importance and the benefits of international diversification. Three 
distinct methodological approaches have been reviewed. Furthermore, it has been noted that 
the studies on relationships of equity markets can be grouped depending on the nature of 
relationship examined. Firstly, analysis of correlation matrices which examines the co-movement 
in the context of returns of various equity markets. Secondly, volatility linkages (spillover effect) 
which examines the transmission of shocks among equity markets, as well as correlations 
evolution through time. Thirdly, co-integration theory which examines the co-movement in the 
context of raw prices and the casual relationships of various equity markets in the context of 
common stochastic trends. 
From the above presented literature several conclusions can be drawn. The most important of 
them are summarized below: (i) Co-movement in share prices within the same equity market is 
higher than between different markets; (ii) Geographical proximity (i.e. group of countries), as 
well as economic ties increase the co-movement between the equity markets; (iii) Co-
movement has been increased over the last years as a result of globalization, deregulation of 
financial markets, political decisions ( EMU, Euro currency etc.) and significant events of global 
importance (e.g. the stock market crash of October 1987); (iv) The co-movement is higher 
between developed markets and the developed markets tend to cause the smaller ones; (v) 
The U.S market is the most influential  around the globe; (vi) In order to construct optimal 
portfolios, investors should take into account the co-movement between various equity 
markets.   
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4. Data and Econometric Methodology 
4.1 Data Selection 
The aim of this study is to investigate the co-movement between the equity markets of Greece 
Spain, Germany, France and Italy, before and after the sub-prime financial crisis (2007-2008). 
Through our analysis we will evaluate if there are potentials for diversification across these five 
markets. We selected these five countries for two main reasons. Firstly, the France and the 
Germany were selected because they are biggest and most stable economies in the Eurozone. 
Secondly, the Spain, the Greece and the Italy were selected because of their economic 
problems they are facing (huge national debt). These five countries are all members of the EU 
and EMU and lie to neighbor time zones. Hence, there were not any problems of time 
synchronization and currency differences. Also, the trading calendar for all five countries is the 
same; thus there were not any blank dates. For the purpose of this study, we employed the 
major equity index for each country. The indices that were selected for each country are 
presented in the next table. 
Table 2. National Equity Indices  
Country Equity Index Name Abbreviation Currency 
Greece ATHEX COMPOSITE - PRICE INDEX ATHEX Euro 
Germany DAX 30 PERFORMANCE - PRICE INDEX DAX30 Euro 
France FRANCE CAC 40 - PRICE INDEX CAC40 Euro 
Spain FTSE MIB INDEX - PRICE INDEX IBEX35 Euro 




These five equity indices were chosen on the basis of market capitalization over the time span 
of our data, in the attempt to have the best as possible representation of the five markets. As 
we saw in Section 2 the “blue-chip” indices for Spain, Germany, France and Italy can capture 
more than 70%, on average, of the domestic capitalization. Furthermore, we chose to use the 
“blue-chip” indices because most of the investors are using them as benchmarks to formulate 
their portfolios (Millionis et. al., 2003). However, in the case of Greek equity market we chose 
the general price index because of the relevant small size of the market, compared with the 
other markets (Section 2: Table 1). These five markets also cover most of the equity markets in 
the previous studies. This would enable us to make comparisons across the different studies.  
The dataset for the purposes of the empirical analysis consists of daily closing prices for the 
ATHEX, DAX30, CAC40, IBEX35 and FTSE MIB. The data was collected from the Thomson 
Reuters Datastream, covering the period from 2nd January 2006 to 30th June 2011. We chose to 
use daily frequency of observations rather than weekly or monthly, because as Liew (2004) 
pointed out the advances in telecommunications and modern trading strategies create an 
instant reaction between the prices of markets around the globe. In addition, the daily 
observations have the advantage to capture interactions between the five markets that may last 
only a few days. Also, the time horizon of our data was the most recent at the time of the 
study, adding to the previous literature (Section 3, 3.3). Furthermore, in line with previous 
studies (Kasa, 1992 and Milionis et al., 2003 ) all daily closing prices were converted into 
natural logarithms, ln(     , where      is the closing price of the i-th index (i= CAC40, DAX30, 
IBEx35, FTSE MIB and ATHEX) at the day t. The transformation into natural logarithms has the 
advantage over the use of raw prices that help us cope with the problem of heteroscedasticity 
and reduce the differences in scales that existed between the five indices.  
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However, since our purpose is to study co-movement of these five equity markets before and 
after the sub-prime financial crisis (2007-2008) and no one can really say when the financial 
crisis started and ended, we chose to divide our data into two sub-samples and delete a 
number of observations from our dataset. 
      Figure 1. Log-Prices of Equity Indices.
 
We chose the period from 02nd January 2006 to 30th June 2007 (390 trading days) as the prior-
crisis period because as Reinhart et. al. (2009) argued the effects of the mortgage and banking 
crisis which started since early 2007 did not affect the equity markets until the second half of 
2007. After, this date most the world equity markets fell sharply (Figure 1), reaching a bottom 
in early 2009 with the collapse of the Lehman Brothers and the bailout of the AIG in September 
2008 working as a catalyst. The period from 1st July 2007 to 31st December 2009 can be 
characterized as the period that the crisis fully involved. Thus, we chose to delete this part of 
our data. However, we should note that the equity markets of Spain, France, Germany and Italy 












started overcome the crisis in the 2nd quarter of 2009 (Figure 1) and at that time the Greek 
market followed that trend, until the October of 2009. However, we chose not to include the 3rd 
and 4th quarter of 2009 in our analysis because, after the elections in October 2009, the elected 
Greek government reviled the deep economic problems of the country, drawing worldwide 
attention. Eventually, Greece had to receive financial aid from the IMF and Eurozone in order to 
avoid default. Furthermore, from an econometrician point of view the bailout of Greece can be 
seen as structural break (i.e. a point of time which modifies the underlying time series) of our 
data. Overlooking structural breaks could result to misspecification of our model and to spurious 
regressions (Perron, 1989). Consequently leaving out of our sample the observations of 2009 
we do not have to incorporate any structural changes in our data and also us to include in our 
analysis the major event of Greece bailout. Thus, we chose the period, from 01th January 2010 
to 30th June 2011 (390 trading dates), as the post-crisis period.  
 
4.2 Econometric Methodology 
In order to investigate the co-movement between the five equity markets before and after the 
financial crisis (2007-2008) and answer our research questions (Section 1, 1.2) we applied a co-
integration framework. More specifically we used the following econometric techniques: i) Unit 
root test (i.e.  Augmented Dickey Fuller test and Phillips–Perron test), ii) Johansen co-
integration test, iii) Granger causality test, iv) Variance decomposition and v) Impulse response 
analysis. The co-integration analysis involves a five-step procedure (Brooks, 2002): 




2nd Step: Build a VAR model on levels which is used as a base model to apply an error-
correction transformation (VEC model). 
3rd Step: Apply the Johansen Co-integration test based on the VEC model. 
4th Step: Based on the results of the Johansen co-integration test: A Vector Autoregressive 
(VAR) on differences is estimated if no co-integration was found; otherwise a Vector Error-
Correction (VEC) model.  
5th Step: Finally, the Granger causality test, variance decomposition and impulse response 
functions (IRFs) are employed to uncover the interrelationships between the five series, using 
the model that was selected in the previous step.  
Next, we enumerate on each of the five steps of the co-integration framework and provide the 
advantages of each technique, as well as we justify how each technique helps us answer our 
research questions (Section 1, 1.3). 
 
4.2.1 Unit Roots Tests  
Many financial time series exhibit non-stationary behavior. Especially, in the case of equity 
indices, Eun and Sim (1989) showed that in most of the cases the time series of equity indices 
are non-stationary. However, the assumption of stationarity is crucial when we are modeling 
financial series. In particular, linear regression models require that the data series that is used 
to feed the model to be stationary, otherwise it can lead to spurious regressions (Granger and 
Newbold, 1974). In order to make a non-stationary time series stationary, the most common 
practice is to difference the series (Eun and Sim, 1989). If a non-stationary series, in our case 
ln(     , can be made to stationary after differencing it d-times , then ln(      is said to be 
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integrated of order d (denoted as ln(           ). Unfortunately, the practice of differencing the 
series in order to make it stationary rules out many pieces of information that are contained in 
the data, regarding the long-run common trends between the series.  
However, co-integration analysis as proposed by Granger (1983); Granger and Weiss (1983) 
and Engle and Granger (1987) provides a framework to investigate the co-movement of the 
equity markets under the use of non-stationary time series. Furthermore, co-integration analysis 
requires all the data series under investigation to be non-stationary and be integrated of the 
same order. Thus, it is important before proceeding to co-integration analysis to identify the 
order of integration of our data. We utilized the unit roots tests by Dickey and Fuller (1981) and 
by Phillips and Perron (1988) in order to establish the order of integration and conclude if all 
five series (        ) can be used for co-integration analysis. Based on the previous literature 
(Section 3) we should expect that all five series would be integrated of order 1, ln(          , 
for both the sub-samples (before and after the financial crisis). Moreover, we chose these two 
tests because when they are used jointly they provide more robust results because of the 
shortcoming of the standard augmented Dickey-Fuller (ADF). 
The ADF test (including drift and trend term) is based on regression: 
                 ∑  
 
   
                 
where    is the closing log-price of the i-th index (i= CAC40, DAX30, IBEx35, FTSE MIB and 
ATHEX) at the day t, Δ donates first-difference and γ is the coefficient of interest.  
The hypothesis testing for the ADF test is: 
                        
 
 ⁄                      
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However, the ADF test has the limitation that the residuals from the regression model (1) 
should not exhibit any serial correlation and have constant variance; otherwise the results 
would not be reliable. For this reason Phillips and Perron (1988) developed a modification of the 
ADF test that relaxes the assumption regarding the distribution of the residuals in equation (1). 
Hence, in order to overcome the limitation of the ADF we employed also the Phillips and Perron 
(PP) test. Note that the PP test has the same hypothesis testing with the ADF test. Finally, both 
tests are sensitive to the number of lags that enter at the equation (1) thus we used the 
Schwartz (1978) Bayesian Criterion (SBC) as fit statistics to determine the appropriate number 
of lags (Hamilton, 1994).  
 
4.2.2 Vector Autoregressive (VAR) & Vector Error-Correction (VEC) modeling 
Vector Autoregressive (VAR) models were proposed by Sims (1980) and can be used to analyze 
multivariate time series. Because the purpose of this study is to investigate the co-movement 
between five equity markets jointly we chose to work in a VAR framework. In general, a VAR 
model can be written as: 
     ∑              
   
   
 
Where    is a n-vector of the variables under investigation (i.e. the closing log-prices of CAC40, 
DAX30, IBEX35, FTSE MIB and ATHEX),   is an a n-vector of constants,    is an     matrix of 
the estimated coefficients,    is an n-vector of the error terms and m is the number of lags 
include in the model. However, the use of a VAR model requires the use of stationary series 
(Enders, 1995). As we already mentioned the typical approach to convert non-stationary series 
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to stationary is differencing the series and then estimate the VAR model. Hence, the model in 
equation (2) transforms to: 
      ∑               
   
   
 
Where Δ donates the first difference of the variables to make them stationary.  
The main advantage of VAR models is that they are quite flexible and allow to jointly modeling 
multiple times series that depend not only on to their own lags but also on the lags from the 
other series in the model, as well as error terms. Furthermore, they are a-theoretical in the 
context that the researcher does not have to decide which variables enter the model as 
endogenous or as exogenous, all the variables are endogenous (Brooks, pp.291, 2004). But, in 
order to test for co-integration we have to transform the VAR model in levels (Equation 2) into 
a VEC model based on the error-correction theorem of Granger and Weiss (1983). With the 
transformation into a VEC model we can to test for co-integration using the Johansen test. It is 
important to take into account the co-integrating relationship between the five equity indices 
we examine because co-integration implies a long-run equilibrium between the indices and 
overlooking the common stochastic trends will lead to loss of information regarding the co-
movement between the five markets. Based on the previous literature we expect to find co-
integration, for both pre-& post crisis period, between the equity markets of France, Germany, 
Spain, Italy and Greece.  




      ∑                      
   
   
 
Where    ∑   
   
        is the vector which contains the information on the long-run 
relationships (i.e. error corrections components and co-integration vectors),     is a vector of 
first differences of the log-prices of the five indices under investigation (i.e. log-returns),      is 
the lagged log-prices of the indices,     ∑       
   
   , and n is the number of the variables in 
the system (Brooks, pp.350, 2004). The main advantage of VEC modeling (over equation (3)) is 
that the model contains both the long and short run relationships (both the log-prices 
equilibrium and first differences/log-returns of the five series) between the series under the 
investigation. However, we can use this model (4) to exploit the idea of co-movement between 
the five markets only after we have found that the five indices are co-integrated, otherwise a 
VAR model in differences would be used.   
Before estimating the VEC model (Equation 4) we have to define the appropriate lag length for 
the VAR model in levels (Equation 1). Hall (1991) has demonstrated that in using the Johansen 
test for co-integration it is necessary to carry out tests to establish the appropriate order of the 
VAR (Equation 1). These tests are the multivariate generalizations of the Akaike (1973) 
Information Criterion (AIC), the Schwarz (1978) Bayesian Criterion (SBC) and the Hannan-
Quinn (1979) Criterion (HQC). In this study we used jointly all three tests to select the lag order 
of the VAR model. However, we should note if the three information criteria suggest different 
lag length, the SBC and HQC is preferred over AIC because as Lutkephol (2005, pp.148-152) 
argued SBC and HQC will deliver the correct model with the fewest lags. In contrast, the AIC 
will overestimate the lag length of the model.   
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To sum up, if we found evidence of co-integration, a VEC model is employed to examine the co-
movement between the five markets; otherwise a VAR model on first differences is estimated. 
Finally, we used the LM test to check for the existence of autocorrelation in the residuals of our 
model (discussed in Johansen, pp. 21-22, 1995) because as Lutkephol (2005) pointed out is it 
crucial to have serially uncorrelated residuals, otherwise this would lead to misspecification of 
our model. 
4.2.3 Johansen Test  
The co-integration theory pioneered by Engel and Granger (1989), Johansen (1988) and 
Johansen and Juselius (1990), states that two or more non-stationary series which are 
integrated of the same order, if they are combined together and a linear combination of them 
exists that makes them stationary, then it is said to be co-integrated and a long-run equilibrium 
between them exists. Generally, two basic approaches are followed to test for co-integration; 
the one is based on the Engel and Granger (1989) residual test and the other one Johansen 
(1988) procedure. In this study we employed the Johansen approach to test for co-integration. 
The main advantage of this technique over the Engel and Granger (1989) test is that allows 
testing for common stochastic trends in a multivariate framework. As in our case we are 
interested about the co-movement between five equity indices jointly, the use of the Johansen 
test allows us to examine if the five indices under investigation share a long-run equilibrium. 
Furthermore, it is more powerful than the Engel and Granger (1989) test because it can identify 
all possible co-integrating relationships between the series in the system, whereas the Engel 
and Granger (1989) test can only be used to investigate if one common stochastic trend exists 
between two series (i.e. in pairs). 
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The Johansen test is based on the examination of the rank of the matrix Π in the equation (4) 
for a comprehensive analysis of this methodology see Johansen (1988, 1991) and Johansen and 
Juselius (1990). Johansen tests can be thought of as a multivariate generalization of the unit 
root tests that were described in Section 4.1.1. The Johansen test estimates the rank (r) of the 
matrix Π, which equals to the number of co-integrating vectors. Generally, two test statistics 
are used to identify the rank (r) of Π:         statistic and      statistic (Johansen, chap. 11 and 
12, 1995). The hypothesis testing for the two statistics are: 
                ⁄         
              ⁄           
In practice we start testing if the rank of Π is r = 0 and we accept the first value of r for which 
the        and the      statistic fails to reject the null. In case the two statistics suggest 
different rank, the        is preferred over the       , because as Alexander (2008) argued         
provides more robust results. If Π has full rank, then all the five equity indices series are 
stationary in levels and a VAR model in levels of the log-index prices can be estimated. 
However, we should note that this case in applied econometrics is very rare and violates the 
assumption that all the series in the model are integrated. If the rank of Π is zero, the five 
equity indices are not co-integrated (i.e. no long-run equilibrium exists) and equation (4) 
reduces to a standard VAR model in first differences of the five series. Co-integration analysis 
(i.e. use of the VEC model) is suggested if the rank (r) of Π is between zero and the number of 
equity series, i.e.      .  
If we found co-integration the matrix Π can be factorized based on error-correction theorem of 
Granger and Weiss (1983) to      , where   is a matrix     containing the coefficients of 
error correction (speed of adjustment) which describes the process that pulls back the series to 
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the long-run equilibrium when a deviation from the common stochastic trend between the five 
indices occurs; and   is a matrix     containing the long-run coefficients (i.e. co-integrating 
vector). 
Finally, another aspect we should take into account when we construct the VEC model from the 
VAR model is what deterministic variables (a constant and/or a trend) we should include in the 
model because these variables can influence the results of the Johansen test. We chose to 
include a constant in the model which allows for a linear trend in the levels of the series and the 
co-integration equations to be stationary around a constant mean; because as Alexander (pp. 
237, 2008) argued that the most common case when we are modeling financial time series of 
equity markets is to an exhibit a trend.  
 
4.2.4 Granger Causality Test 
A further examination of the relationships between the five Eurozone equity markets can be 
performed using the Granger Causality test, as proposed by Granger (1969). With the Granger 
Causality test we can examine if one equity index, “Granger-causes” another one in our model. 
In other words, we say that the market X “Granger-causes” the market Y, if given the lagged 
values of Y, lagged values of X are useful for predicting the price of Y (Granger, 1969). Hence, 
the Granger causality test can be referred as a lead-lag relationship between the five equity 
indices, and it can show the directions of these relationships.  In the live with the previous 
literature (Section 3, 3.3) we expect to find casual relationships (at least on direction) between 
the majority of the indices in our study, especially before the financial crisis. Whereas at the 
post-crisis period we expect that the casual relationships would be reduced. Furthermore, with 
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this test we could draw the conclusion which equity market is the most influential in our study, 
i.e. which markets lagged values “Granger-causes” most of the other equity markets.  
Once, we have estimated a VAR in differences or a VEC model we can perform the Granger 
causality test. The test for Granger causality from market Y to market X tests for the joint 
significance of all the coefficients containing (Equation (3) or (4), matrix   ) lagged Y in our 
model (Equation (3) or (4)), and vice versa  for the market X. The hypothesis testing is based 
on F-tests to determine the significance of the coefficients in the matrix   , i.e.: 
                                           
 
 
                                            
Where      and      CAC40, DAX30, FTSEMIB, IBEX35, ATHEX. 
Especially, in the case of a VEC model the test has the additional requirement that the beta 
coefficient (i.e. co-integrated vector) of the model (Equation (4)) to be different from zero 
(Alexander, pp. 246, 2008). Moreover, in the presence of co-integration we expect to find at 
least one causal relationship between the five equity markets. Finally, it should be noted that 
the Granger causality test does not tell us that the price movements of the one index causes 
movements to another, but just tells us which of the indices might have significant impact on 
another in the future (Brooks, pp. 298, 2002). 
 
4.2.5 Variance Decomposition and Impulse Response Analysis  
As a final step of our analysis we employed the Impulse Response Analysis (IRA) and Variance 
Decomposition of the forecasted error (VDFE). It is has been recognized that the interpretation 
of the coefficients for both the VAR and the VEC model is hard. Furthermore, as we already 
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mentioned the Granger causality test does not tell us anything about how the price movement 
in one of the markets affects another one.  Thus, the use of the Impulse Response Analysis and 
Variance Decomposition can provides us a more clear picture about the dynamic interactions in 
the system of our the five indices.  
In order to apply these two methods we have to transform our model in the equivalent Vector 
moving Average (VMA) as proposed by Sims (1980).  The VDFE help us answer how much of 
forecasted variance of one market can be explained by another one in the system. In contrast, 
the IRA is used to examine the response through time of each equity index to one standard 
deviation shock (assuming that no other shocks occur) from the others equity indices in our 
study. We employed both IRF and FDVE for 1-day, 5-days and 15-days ahead horizon to 
explore the relationships between the five equity indices. Although, these two techniques can 
be used to predict the future prices of the equity indices under investigation, in this study it is 
not our objective to do that, but to analyze the co-movement between the five equity indices. 
Thus, we did not measure the forecast accuracy of these two techniques.  
Because both IRF and FDVE are sensitive to the ordering of the underlying model (VAR or VEC 
model) we used the Cholesky ordering as proposed by Sims (1980). Finally, the IRA imposes 
two possible outcomes based on the underlying model if it is a VAR in differences or a VEC 
model. If there is not co-integration, a VAR model in differences is estimated where the effect 
of a shock fades out of the system, because each variable in this VAR model is stationary (mean 
reverting). Otherwise, if the shock does not fade out, it implies a misspecification of our model.  
In contrast, if we use as underlying model the VEC where we use non-stationary series with 
same order of integration, there is the possibility that the shock does not fade out of the 




5. Empirical Results 
5.1 Unit roots tests 
In the first step of our analysis we tested for the presence of stochastic trends (i.e. unit roots) 
in the five equity indices. As noted, it is important to determine whether the log-prices series of 
each index is non-stationary and that all the indices in the study are integrated of the same 
order before applying the co-integration analysis. A graphical inspection of the five log-prices 
series (Figure A1 & A2, Appendix A) shows that all the equity indices under investigation appear 
to possess some upward or downward trend for both periods.  In contrast, the graphs (Figure 
A1 & A2, Appendix A) of the first differences of the five indices (i.e.log-returns) show that all 
indices appear to be stationary for both periods. However, what is interested here is that all the 
equity indices after the financial crisis are more volatile than before. Also, after the financial 
crisis the ATHEX is the only one that exhibits a clear downward trend, whereas the DAX30 is 
the only one with a clear upward trend. 
To test formally if each equity index is stationarity the ADF and PP unit roots (as discussed in 
Section 4: 4.2.1) are computed for both periods (Before and after financial crisis). We should 
note that each test as conducted for two different models: one which included a constant and 
the other one with a constant and a time trend, corresponding to the coefficient (    in 
equation (1). Table 3 reports the results of the unit roots tests on the log-prices (levels) of each 
equity index before and after the financial crisis. The null hypothesis is that the series is non-
stationary. The optimal lag-length for both the tests was determined by minimizing the 




Table 3. Unit Root Tests for the log-prices: Before and After the financial crisis. 
 Augmented Dickey-Fuller Phillips and Perron 
 Constant Constant and Trend Constant Constant and Trend 
Panel A: Before the financial crisis (01/01/2006-30/06/2007) 
DAX30 0.412 -1.087 0.610 -5.346 
CAC40 -0.620 -1.986 -1.799 -12.957 
FTSE MIB -1.242 -1.859 -2.592 -10.205 
IBEX35 -1.168 -1.796 -1.566 -8.936 
ATHEX -0.782 -2.004 -2.765 -6.755 
Panel B: After the financial crisis (01/01/2010-30/06/2011) 
DAX30 -1.076 -2.378 -2.349 -12.786 
CAC40 -2.368 -2.986 -8.749 -16.534 
FTSE MIB -2.090 -2.760 -9.185 -15.326 
IBEX35 -2.283 -3.004 -8.055 -13.889 
ATHEX -1.487 -2.521 -4.435 -11.476 
Notes: The critical values for the ADF test at 1%, 5% and 10% significance level are -3.450, -2.875 and -2.570 
respectively for the constant model and -3.985, -3.425 and -3.130 for the trend model. The corresponding critical values 
for the PP test are -20.411, -14.100 and -11.200 for the constant model, and -28.678, -21.411 and -18.056 for the trend 
model. 
 
Table 3 shows that none of the test statistics fall below the critical values, and hence the null 
hypothesis of non-stationarity cannot be rejected in any of these tests. This result is in line with 
previous studies, which typically found that the time series of equity indices are integrated of 
order 1, i.e. I(1). However, in order to confirm the order of integration, we have to conduct the 
unit root tests on the first differences (log-returns) of the equity indices series. Table 4 reports 
the unit roots tests on the log-returns series for both periods.  
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Table 4. Unit Root Tests for the log-returns: Before and After the financial crisis. 
 Augmented Dickey-Fuller Phillips and Perron 
 Constant Constant and Trend Constant Constant and Trend 
Panel A: Before the financial crisis (01/01/2006-30/06/2007) 
DAX30 -5.278*** -5.361*** -348.461*** -342.930*** 
CAC40 -5.523*** -5.517*** -356.996*** -356.522*** 
FTSE MIB -5.001*** -14.632*** -434.595*** -424.517*** 
IBEX35 -5.536*** -5.553*** -376.172*** -375.649*** 
ATHEX -4.461*** -4.487*** -346.385*** -346.144*** 
Panel B: After the financial crisis (01/01/2010-30/06/2011) 
DAX30 -5.087*** -5.067*** -324.817*** -324.495*** 
CAC40 -5.185*** -5.190*** -331.589*** -330.462*** 
FTSE MIB -4.827*** -15.072*** -320.341*** -319.949*** 
IBEX35 -4.790*** -4.811*** -316.606*** -314.498*** 
ATHEX -4.260*** -4.252*** -324.110*** -323.498*** 
Notes: The critical values for the ADF test at 1%, 5% and 10% significance level are -3.449, -2.875 and -2.570 
respectively for the constant model and -3.985, -3.425 and -3.130 for the trend model. The corresponding critical values 
for the PP test are -20.411, -14.100 and -11.200 for the constant model, and -28.678, -21.411 and -18.056 for the trend 
model. ***, ** and * indicates the level of significant 1%, 5% and 10% respectively. 
As we can see (Table 4) the null hypothesis of unit root in the log-returns series is rejected at 
1% level in all tests for both periods. Thus, we can conclude that the first differences of the log-
prices for all equity indices are stationary in both periods. In other words all the equity indices 
in our study are integrated of order 1, i.e. I(1), in both periods. As noted in Section 4, in order 
to conduct co-integration analysis all the series under investigation should be integrated of the 
same order. Hence, we can proceed to co-integration analysis. 
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5.2 Co-integration Analysis 
As we found that all the five equity indices under investigation before and after the financial 
crisis are non-stationary and all integrated of the order one, I(1), we can proceed  to test for 
co-integration using the Johansen procedure as described in the Section 4. The five equity 
indices were model as in Equation (4), they entered into the model based on their capitalization 
(Section 2: Table 1) and the choice of optimal lags was given by considering jointly the three 
information criteria (AIC, SBIC, HBC); one lag for the levels of variables was chosen for both 
periods (Table B1, Appendix B). The lag-length was determined by minimizing the information 
criteria in both periods the SBIC and HBC suggested the same lag-length. The results of the 
Johansen test for both periods are reported in Table 5. 
Table 5. Johansen Test: Before and After the financial crisis. 
 Before the financial crisis 
(01/01/2006-30/06/2007) 





   
                              Test Statistics                                                 Critical Values 1% (5%) 
                                    
    77.1672 34.0846 *1 69.2463 *1 26.7447 *1*5 76.07 (68.52) 38.77 (33.46) 
    43.0826 *1*5 22.9951*5 42.5017*5 19.1406 54.46 (47.21) 32.24 (27.07) 
    20.0876 16.5479 23.3611 15.8974 35.65 (29.68) 25.52 (20.97) 
    3.5397 3.4493 7.4637 7.3293 20.04 (15.41) 18.63 (14.07) 
    0.0904 0.0904 0.1344 0.1344 6.65 (3.76) 6.65 (3.76) 
Notes:*1 and *5 indicates the lowest rank at which we fail to reject Ho, when comparing of each test at 1% 
and 5% the critical values, respectively, implying that the number of co-integrating vectors corresponds to 




The results of the        and     reported at Table 5 indicate different number of co-integrating 
vectors. However, as we already mentioned (Section 4: 4.2.3) the         statistic provides more 
robust results. Thus, we can see that before the financial crisis the        statistic provides 
strong evidence (1% significance) of one co-integrating vector, i.e the rank of the matrix Π is 
one. This implies that the series of the five equity indices under investigation shared a long-run 
equilibrium before the financial crisis. Meaning that although in the short-run some deviations 
may occur in the long-run the price movements of the CAC40, DAX30, FTSE MIB, IBEX35 and 
ATHEX do not drift apart. This implies that investors with long holding periods who diversify 
their portfolios across these five markets would not gain any substantial gain due to 
diversification. After the financial crisis the results show (Table 5) that the co-integrating 
relationship between the five equity indices has weakened. In the post-crisis period the 
       suggests, at a 5% level, one co-integrating vector and none for 1% level of significance. 
However, there is still a long-run equilibrium at 5% level between the five equity markets, 
resulting to reduced benefits from diversification for investors with long horizons.  
The results are in the line with the previous studies (see Section 3: 3.3). The strong economic 
ties, the common currency and extensive trading activities between the five Eurozone countries 
are important factors which lead to the co-movement of the equity markets. A more interesting 
point here is that in the post-crisis period the common stochastic trend between the five 
markets is not as strong as in pre-crisis period. Although, many previous studies suggest (see 
Arshanapalli and Doucas, 1993 and Phengips and Apilado, 2004) that after crisis times the co-
movement between equity markets becomes stronger here that is not the case. 
This result could be explained by the two different movements that exist between the five 
equity markets under investigation, as a result of the recent financial crisis. On one hand, 
Germany and French are the strongest economies within the Eurozone and one the other hand, 
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Italy, Spain and Greece which are facing huge economic problems (especially Greece and Italy). 
The huge national debts of the Greek and Italian governments have drawn worldwide attention 
and fears of a possible default on Greece's debts has prompt uncertainty in the national equity 
markets of the weak countries. Thus, although the previous studies suggested high degree of 
co-integration between the equity markets of Eurozone due to EMU, common currency etc., 
differences that exist between the real economies of these five countries which revealed after 
the financial has affected the co-movement between the five equity markets, weakening their 
long-run relationship.    
 An investigation of the matrix Π (as defined in the methodology section) factorized based on 
the error-correction theorem of Granger and Weiss (1983) can provide us a clearer picture how 
the long-run relationships between the five equity markets change after the financial crisis.  
Table 6 reports the speed of adjustment (alpha) in the long-run equilibrium if a deviation occurs 
and the coefficient beta which represents the common stochastic trend (i.e. co-integrating 
vector). 
Table 6. Speed of adjustment and Long-run coefficients: Before and After the financial crisis. 
 DAX30 CAC40 FTSE MIB IBEX35 ATHEX 
Panel A: Before the financial crisis (01/01/2006-30/06/2007) 
Alpha -0.28475* -0.001896 -0.036267** -0.015859 0.03226*  
Beta 1 -1.69707*** -0.670900*** 2.31583*** -0.69984***  
Panel B: After the financial crisis (01/01/2010-30/06/2011) 
Alpha 0.012032 0.025255* 0.033560 0.006217 -0.048084**  
Beta 1 -0.065345** -2.42947*** 1.13129*** 0.780023***  
Notes: Johansen estimated alpha and beta coefficients of the impact matrix, defined as Π=α*β. The beta (β) coefficients 
were normalized on the DAX30 index. ***, ** and * indicates the level of significant 1%, 5% and 10% respectively. 
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The normalized co-integrating vector (beta coefficient) in Table 6 provides information 
regarding the role of an individual equity market in the long-run equilibrium of the five markets. 
The results indicate a negative long-run relationship between the equity markets of France 
(CAC40), Italy (FTSE MIB) and Greece (ATHEX) over the pre-crisis period. Although, we should 
note that contribution of the CAC40 and IBEX35 in the post-crisis period has reduced 
dramatically in contrast with pre-crisis period, whereas the impact of the FTSE MIB in the long-
run equilibrium has increased dramatically. Further, Greece (ATHEX) in the post-crisis period 
has a positive impact in the long-run relationship. In general, these results suggest that all the 
equity indices adjust to the long-run equilibrium even if a deviation occurs.  
As for the adjustment speed (coefficient alpha) from Table 5 we can see that in pre-crisis period 
only the equity indices DAX30, FTSE MIB and ATHEX alphas are significant, implying that these 
three markets respond to deviations in the co-integrating relationship after one day. In contrast 
the equity indices of CAC40 and IBEX35 if a deviation from the common stochastic trend occurs 
will not start adjusting after one day to reduce the disequilibrium. One implication of this is that 
the equity market of France (CAC40) and Spain (IBEX35) will be the first markets that will 
respond to an external shock among the five markets. The other equity markets will respond to 
this shock in the long-run. In the post-crisis the results (Table 5) shows that only the indices 
CAC40 and ATHEX adjust to disequilibrium after one day. However, the small alpha coefficient 
in these two markets implies a weak reaction to fluctuations in the common trend. 
The existence of a common stochastic trend among the five equity indices shows that the 
benefits from diversification for investors with long investment horizons across these markets, 
before and after the financial crisis, are reduced. However, the existence of co-integration 
between the five markets implies that arbitrage profits can be explored in these five markets 
over time, as we saw that the speed of adjustment of the equity markets differs between the 
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two periods. Especially, in the post-crisis period only two markets out of five starts to adjust to 
the disequilibrium after one day with a weak reaction. Hence, in the short-run might be 
advantages for investors who diversify across these markets. Given the presence of a unique 
co-integrating vector in each pre- and post- crisis period based on the Johansen test, next we 
estimated a VEC model (Equation (4)) for both periods and applied the Granger test, IRA and 
FVDE to investigate the short-run relationships (recall that a VEC model has as a dependent 
variable log-returns).The VEC was estimated including a constant and one co-integrating vector. 
The optimal lag-length was one based on the AIC, SBIC and HBC criteria. Also, we inspected 
the residuals for autocorrelation using the LM statistic, no serial correlation was found.  
 
5.3 Granger causality tests 
Table 7 summarizes the direction of the casual relationships as defined by Granger (1969) 
between the five equity indices, before and after the financial crisis. 
Table 7. Granger Causality test: Before the financial crisis. 
Panel A: Before the financial crisis 
(01/01/2006-30/06/2007) 
Panel B: After the financial crisis 
(01/01/2010-30/06/2011) 
DAX30  FTSE MIB** 
CAC40 DAX30** 
CAC40  FTSE MIB** 
IBEX35  FTSE MIB** 
ATHEX  DAX30*** 
CAC40  FTSE MIB** 
IBEX35 CAC40** 
ATHEX  IBEX35** 
Notes: The F-Statistics of the Granger test are reported in Table B2 at Appendix B. The   shows the direction 




As shown in Table 7 in the pre-crisis the French (CAC40), German (DAX30) and Spanish 
(IBEX35) Granger cause the Italian equity market (FTSE MIB), whereas the Italian equity 
market (FTSE MIB) does not Granger cause any other market in the system. Also, the equity 
markets of Greece, France and Spain are not affected by any other markets in the system, 
implying that these three market are weakly exogenous in the system. Moreover, the Greek 
equity market (ATHEX) and the French (CAC40) Granger cause the German market (DAX30). 
For a prospective investor into these markets, these results shows that in the pre-crisis period 
the information from DAX30, CAC40 and IBEX35 could be used to predict the future prices in 
the short-run of the FTSE MIB index. Furthermore, the same implies for the CAC40 and ATHEX 
corresponding to DAX30 index. The most influential market in the pre-crisis period is the French 
(CAC40) which Granger causes most of the other markets.  
In the post-crisis period the results in Table 7 indicate that the casual relationships between the 
five equity markets have been reduced. Only three casual relationships are found; CAC40 
Granger causes the FTSE MIB index; CAC40 is affected by the IBEX35, and ATHEX Granger 
causes the IBEX35. The DAX30 and ATHEX index are not affected by any other markets in the 
system, as well as the DAX30 and FTSE MIB does not Granger causes any market. Further, this 
suggests that DAX30 is weakly exogenous in the system after the financial crisis. This raises the 
problem that prospective investors in these markets could not use the information from other 
markets to exploit profits in the short-run due to deviations from the log-run equilibrium. 
 An explanation of these results would be that after the financial crisis which revealed the 
economic problems of Greece, Spain and Italy, an uncertainty was created for their equity 
markets leading the prospective investors to other equity markets more stable and with lower 
risk and isolating the markets of the weak countries from the other Eurozone countries, vice-
versa for the strong countries.   
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5.4 Variance Decomposition and Impulse Response Analysis  
In the final step of our analysis we applied the Impulse response analysis (IRA) and the 
Variance decomposition of the forecasted error (VDFE) (as described in Section 4: 4.2.5). 
Recall, that we found one co-integrating vector for both periods. Thus, we estimated a VEC 
model (Equation (4)) and transformed it in the equivalent Vector moving Average (VMA) as 
proposed by Sims (1980) in order to continue our analysis. Although, with the Granger causality 
test we can find the direction of the casual relationships it does not quantify these lead-lag 
relationships. The IRA and the VDFE allows measuring these temporal casual relationships.  
The VDFE method measures the magnitude of a movement in one market that can be explained 
by the other markets in the system, in the context of the percentage of the forecasted error 
variance of that market. The VDFE was calculated for 1-day, 5-days and 15-days horizon ahead 
in each of the five markets in the study. The results are reported in Table B3 for the pre-crisis 
period and in Table B4 for the post-crisis period (available at Appendix B). Looking through the 
main diagonal in Table B3 and Table B4 we can ascertain how much of a market’s own variance 
is explained by movements in its own innovation over the three forecasted periods. The VDFE 
results for the pre-crisis period (Table B3, Appendix B) indicate that the major equity markets in 
our study, Germany (DAX30) and France (CAC40), explain most of their movements based on 
their own innovations. Even after, 15-days ahead the DAX30, 98% of its own variance is 
explained by its own innovations, whereas for the same horizon the CAC40, 89%. Furthermore, 
none of the other markets contribute significantly in the variance of DAX30. In contrast, on 
average, 10% of the CAC40 index variance can be explained by DAX30.    
Further, the VDFE in the pre-crisis period indicates that the influence of the two major markets 
increased. The movements in German (DAX30) and French (CAC40) equity market lead the 
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fluctuations in the equity markets of Greece (ATHEX), Spain (IBEX35) and Italy (FTSE MIB). 
Especially, in the case of ATHEX and IBEX35 after 15-days ahead, on average, more than 23% 
and 36%, respectively, of their variance can be explained by the innovations in DAX30 and 
CAC40, jointly. Results of the VDFE from the post-crisis period (Table B4, Appendix B) generally 
indicate an increase in the contribution of other markets in explaining price movements to each 
individual market, with the exception of Greece (ATHEX) which now 60%, on average, of its 
variance is explained by its own shocks.  
These results are in line with previous studies (Syriopoulos, 2004; Syllignakis and Kouretas 
2006) which indicted that most of the variance in the equity markets of Eurozone can be 
explained by the innovations of the markets itself. Also, the VDFE results can serve as a tool to 
investigate the impact of the financial crisis in the post-crisis on the five markets in our study. 
Firstly, after the financial crisis, in general, the crash increased the short-run interactions 
between the five equity markets. Only, the Greek market showed evidence for reduced 
interactions in the post-crisis period. This result could be attributed to huge economic problems 
of the Greek government, which received financial aid from the IMF and the other Eurozone 
countries, creating an unstable environment for the investors.  Secondly, consistent with our 
earlier results from the VEC model (Table 6) we see that after the financial crisis the co-
movement mechanism between the five markets have been altered. Thirdly, the two major 
markets of France and Germany saw evidence that in both periods are not affected by the other 
equity markets in the system, whereas are the leading markets in our study. 
Finally, similarly to the FDVE analysis, IRA was conducted in order to provide the dynamic 
response through time of each market, to a shock of the others markets in our study. In other 
words, IRA trace out to what extend the shock of one index affects another market. For each 
index, we applied one standard deviation shock to the error term to measure the responses of 
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the other indices in the system. The results are presented in Table B5 and B6 (available at 
Appendix B). Given that our system included five equity markets, we constructed twenty five 
(for each of the pre- and post- crisis period) possible combinations. Also, it should be noted that 
since we use a VEC model (Dependent variable log-returns) to obtain the IRA the results would 
indicate the changes due to the shock on the log-return series.  
The IRA during the pre-crisis period (Table B5, Appendix B) indicates that a shock in the system 
has a permanent effect, as even after 15-days ahead the effect of a shock does not fade out of 
the system. Although, the effects of the shocks for all possible combinations are relatively small, 
the permanent nature of them shifts the system to a new long-run equilibrium. Further, the 
results shows that the equity markets of Germany (DAX30) and France (CAC40) have a 
dominant role, as a shock in one of these two markets, assuming there are no further shocks in 
the system, causing a jump of 50 basis point (on average) to the markets of Spain, Italy and 
Greece. By inspecting Table B5 (Appendix B) the results shows although a shock from Germany 
or France affects all the return series of the other markets, the opposite does not applies or the 
effect is quite small. These results are also confirmed by the VDEF (Table B3, Appendix B) 
which offered similar information. Whilst the long-run effects of a shock are interesting (have a 
permanent effect on the system), investors in these five markets will be more interested in the 
1st day after a shock occurs. For example a shock on DAX30 index causes a jump of IBEX35 on 
day one by 74 bases points. Thus, investors could use the information for the IRA to create 
trading strategies in order to obtain profits in short horizons.  
Further, in the post-crisis period the IRA demonstrates that a shock in the German market 
(DAX30) has increased significantly the response of the other markets. Specifically, one 
standard deviation shock in the German market causes a jump in the first day of 126, 125, 132 
and 94 basis point to the equity markets of France (CAC40), Italy (FTSE MIB), Spain (IBEX35) 
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and Greece (ATHEX), respectively. Also, the influence of the French market in the post-crisis 
period increased. However, this transitory nature is not shared by the German and French 
market. Further, as in the pre-crisis period the effect of a shock has a permanent effect on the 
system. This implies a weak co-integration relationship between the five equity markets.  These 
results are consistent with our earlier results from the VEC model (Table 6) where we found the 
speed of adjustment (alpha coefficient) is significant only in two out of five markets and one co-
integrating vector at 5% level of significance. Nevertheless, in the post-crisis period, we see 
that the short-run benefits for investors in these markets are significantly higher than before. 
Alexander (2008) demonstrated that investors could use the information from IRA to create 
pair-trading rules and get benefit of the spread that is created after a shock across the markets. 
For an example, in our study after the financial crisis an investor could create a pair-trading rule 
based on the markets of France (CAC40) and Greece (ATHEX) assuming a shock occurs in Italy 
(FTSE MIB). From Table B6 (Appendix B) if a shock occurs in FTSE MIB this creates a spread 
after 15-days in the response of the ATHEX and CAC40 of 77 basis point. Thus, investors could 
bet on this spread and make profit. 
 
5.5 Summary and Implications remarks of the empirical results 
To sum up, the co-integration analysis revealed one co-integrating vector before and after the 
financial crisis for 1% and 5% level of significance (Table 5), respectively. Hence, in both 
periods the five equity indices shared a long-run equilibrium, thus, investors with long-run 
holding period’s portfolios among these five equity markets will not gain significant risk 
reduction or excess returns through diversification in these five markets. Although, this is bad 
news for the investors, the presence of co-integration allows the formulation of a VEC model 
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which contains both short-run and long-run relationships and allows the investors to break 
down these two relationships and exploit trading strategies and arbitrage opportunities. 
Richards (1995) argued the presence of co-integration implies predictability of the series in the 
short-run because of the stationary property of the co-integration vector. In other words, since 
we found co-integration across the five equity markets, in both periods, we expect that if a 
deviation from this long-run equilibrium occurs we expect that the system will return to this 
equilibrium and will not drift for an extended time. Thus, an investor could detect this 
disequilibrium and through the error-correction mechanisms (VEC model), use this information 
to make profit (Alexander and Dimitriu 2005a). 
Further, a closer examination of the co-integrating vectors (Table 6) showed that the co-
integrating relationship between the five equity markets changed after the financial crisis 2007-
2008. After the financial crisis the unstable macroeconomic environment in the Spain, Italy and 
Greece seems that have affected the long-run dependences between these five markets. 
Although, previous studies suggested that after a crash the equity markets of countries which 
share a higher degree of economic integration (in various forms: EMU, trading blocs etc) tend 
to increase the co-movements between their markets (Hardouvelis et. al., 2006). However, our 
results revealed a weaker co-integrating relationship between the five equity markets. These 
results could be attributed to the theory that states that the national economy of a country is 
reflected to the domestic equity market (Dickinson, 2000). Thus, considering the economic 
problems that Greece, Spain and Italy are facing after the financial crisis we can conclude that 
these conditions has caused their equity markets to huge fluctuations, whereas the equity 
markets of Germany and France are more stable. These differences between the equity markets 
in our study could explain the weaker evidence of co-integration. 
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What is more, the Granger causality test revealed (Table 6) that the casual relationships among 
these five equity markets were reduced in the post-crisis period, only three unidirectional casual 
flows were found. Since, the analysis indicated in the post-crisis period that none of the 
markets in the system had casual relationships with Germany (DAX30), we can conclude that 
this market is to some extend independent from the others. This can be interpreted in the light 
of the recent financial crisis. Based on the hypothesis of differential information by Masih and 
Masih (2002) which states if the cost of information is constant across markets, regardless the 
market size, then a major market will apply an extending search to find mispricing’s, in contrast 
with the smaller ones. As a result, the prices in major equity markets will tend to reflect a 
greater set of information than the prices in the small equity markets. Hence, the superior size 
of the DAX30 index compared to the other four indices in our study, could explain the 
exogeneity of DAX30 in the post-crisis period.  
 In the final step of our analysis, we applied the VDFE to quantify how much of the price 
movements of one market could be explained by innovations of the other markets in the 
system. We found that after the financial crisis the proportion of the price movements in each 
index that could be explained by its own innovations has increased significantly. These results 
imply a decrease in the relationships between the equity markets under investigation, only the 
major markets exhibit an increased influence the other three markets. This could be contributed 
to the “debt crisis” that the Eurozone has been undergone. The uncertainty in the Eurozone 
equity markets has made investors to turn to their domestic markets because as Francis and 
Leachman (1998) argued in times of uncertainty investors prefer their home equity markets 
(home bias). Thus, investors would turn to the more stable markets of Germany and France. 
Finally, the IRA in both periods revealed a weak co-integrating relationship between the five 
markets, as shocks had a permanent effect forcing the system to a new long-run equilibrium. 
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Also, the IRA indicated the formation of two blocks in both periods, regarding the transmission 
of shocks. Firstly, the major markets of Germany and France that influenced all the other 
markets in the system. Secondly, the weaker markets of Spain, Italy and Greece which 
influenced only themselves and not the other two markets in the system.  However, what is 
interesting here are the big jumps in the first day that are caused from a shock in the German 
and French market. Hence, in the post-crisis period investors could use the information from co-




5. Conclusion  
This study investigated the co-movement between the equity markets of Germany, France, 
Spain, Italy and Greece, before and after the financial crisis of 2007-2008. We applied a co-
integration analysis that allowed us to work in dynamic multivariate framework which can 
capture both short and long run relationships through time. The data that was used for the 
purpose of the analysis was divided into groups one characterized as the pre-crisis period 
covering from 01/01/2006 to 30/06/2007 and the second as the post-crisis period, from 
01/01/2010 to 30/06/2011. Further, the data was the most recent at the time of the study 
allowing us to incorporate the major events that have been undergoing into the Eurozone 
economies (bailout of Greece, debt crisis of Italy and Spain) after the financial crisis. In this 
respect, the empirical findings enrich the literature focusing on co-integration across the 
Eurozone equity markets.  Also, our analysis has important implications for prospective 
investors in these five markets. 
Our statistical analysis showed that all five Eurozone equity indices in the study have a unit root 
in both periods. The co-integration analysis revealed that there are long-run co-movements 
between the markets of Greece, Germany, Italy, France and Spain in both periods. The 
existence of one common stochastic trend (i.e. one co-integrating vector) among the five equity 
markets shows that the benefits from diversification across these markets are reduced, but also 
shows that possible arbitrage profits can be explored over short-run. Thus, we examined the 
short-run dynamics of the VEC model, using the Granger causality test; Variance Decomposition 
and Impulse Response Analysis and revealed that there are lead-lag relationships in the log-
returns of the five indices in both periods. However, these lead-lag structures have been altered 
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after the financial crisis indicating an increase in the effect of shocks. Thus, investors could 
obtain higher profits in the post-crisis period.  
To conclude, the common currency, EMU, geographical proximity etc. all these are 
characteristics of the five markets in our study and based on the previous studies all these 
factors indicate a high degree of co-movement across the Eurozone equity markets. Previous 
studies showed that Eurozone equity markets have been gradually increasing their integration. 
However, the “debt-crisis” that has been undergoing in the Eurozone after the financial crisis 
raises questions regarding level of integration of Eurozone equity markets. Is it possible that the 
Eurozone reached a new area that leads to weaker co-movement of the Eurozone equity 
markets? Our analysis showed that two blocks have been created after the financial crisis. On 
the one hand are the equity markets of Germany and France. One the other hand, it is the 
block with the markets of Greece, Spain and Italy which their national economies facing 
economic problems. 
A suggestion for further study may be implementation of different models such as regime-
switching models based on Markov chains and volatility models, as well as keeping up to date 
the data to track the possible changes in the co-movement between these five markets. Also, it 
will be interesting to include all the Eurozone markets and divided them into blocks one the one 
hand the countries which have economic problems and on the other hand the rest markets. 
Finally, the implications of the co-integration analysis remains still very relevant and any study 
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Figure A1. Log-prices and Log-returns before the financial crisis. 
Notes: On the left colum are the graphs of each log-prices series and on the right colum are the graphs of each log-













































































































































Figure A2. Log-prices and Log-returns after the financial crisis. 
 


























































































































Table B1. Lag-length selection for the VAR model in levels: Before and after the financial crisis 
Lag(s) AIC SBIC HBC AIC SBIC HBC 
 Panel A: Before financial crisis 
(01/01/2006-30/06/2007) 
Panel B: After the financial crisis 
(01/01/2010-30/06/2011) 
  
0 -21.82 -21.7676 -21.7992 -19.1796 -19.1272 -19.1588 
1 -38.8196* -38.5054* -38.6948* -33.8738 -33.5596* -33.749* 
2 -38.8153 -38.2394 -38.5867 -33.9002* -33.3272 -33.6745 
3 -38.749 -37.9113 -38.4164 -33.8716 -33.0338 -33.539 
4 -38.6691 -37.5695 -38.2325 -33.8323 -32.7327 -33.3958 
5 -38.6297 -37.2684 -38.0893 -33.7549 -32.3953 -33.2144 
6 -38.5646 -36.9415 -37.9203 -33.6978 -32.0747 -33.0535 
7 -38.5848 -36.6999 -37.8365 -33.6438 -31.7589 -32.8955 
8 -38.5295 -36.3828 -37.6772 -33.5822 -31.4355 -32.7299 
9 -38.4671 -36.0586 -37.5109 -33.5584 -31.1499 -32.6022 
10 -38.4325 -35.7622 -37.3724 -33.5413 -30.871 -32.4812 
11 -38.3812 -35.4491 -37.2171 -33.4924 -30.5603 -32.3284 
12 -38.3495 -35.1556 -37.0815 -33.422 -30.2281 -32.154 
13 -38.2974 -34.8416 -36.9253 -33.4132 -29.9575 -32.0412 
14 -38.2887 -34.5712 -36.8128 -33.4161 -29.6986 -32.9402 
15 -38.2336 -34.2543 -36.6438 -33.3766 -29.3973 -31.7968 
Notes: Endogenous variables in the VAR model are the log-prices of the dax30, the cac40, he ftsemib, the ibex35 and 
the athex and exogenous variables in the model is the constant term. The (*) shows the lag-length that minimizes the 




Table B2. Granger Causality test: Before and after the financial crisis. 
Panel A: Before the financial crisis (01/01/2006-30/06/2007) 






    
DAX30 - 0.10825 5.9865** 0.00642 0.33517 
CAC40 3.0107** - 4.605** 0.01615 0.3392 
FTSE MIB 1.695 0.46534 - 0.24319 1.2861 
IBEX35 0.22545 0.59887 3.0048** - 0.00406 
ATHEX 3.49111*** 0.30108 0.13053 0.09429 - 
Panel B: After the financial crisis (01/01/2010-30/06/2011) 
DAX30 - 0.86903 1.3077 0.00572 0.21069 
CAC40 0.19361 - 2.7624** 1.1734 0.04657 
FTSE MIB 0.06876 1.2404 - 2.3035 0.06457 
IBEX35 0.05545 3.2293** 1.6529 - 1.0625 
ATHEX 0.02975 2.1365 0.18309 7.4938** - 
Notes: The coefficients that were tested for casual relationships were derived by a VEC model, which was 
estimated including a constant and one co-integrating vector. The optimal lag-length was one based on the AIC, 
SBIC and HBC criteria. Also, we inspected the residuals for autocorrelation using the LM statistic, no serial 
correlation was found. Also, because we applied the test using a VEC model, the additional condition of beta 
coefficients to be different from zero is met for both periods (Table 6). The null hypothesis is that the equity 
market in the column of the table (affecting market) does not cause the equity market in the corresponding line. 











Percentage of variance explained by innovations in: 
  DAX30 CAC40 FTSE MIB IBEX35 ATHEX 
DAX30 1 100 0 0 0 0 
 5 99.54 0.057 0.22 0.032 0. 16 
 15 97.58 0.296 1.11 0.162 0.834 
CAC40 1 9.87 90.12 0.0000 0.01 0.000 
 5  9.97 90.02 0.0011 0.01 0.000 
 15 10.11 89.87 0.0055 0.01 0.002 
FTSE MIB 1 18.56 3.41 77.77 0.224 0.036 
 5 15.02 4.89 79.17 0.529 0.369 
 15 10.05 7.58 79.11 1.214 2.05 
IBEX35 1 18.87 2.59 0.000 78.54 0.000 
 5 19.64 2.99 0.078 77.23 0.062 
 15 20.71 3.63 0.402 74.96 0.298 
ATHEX 1 28.89 3.44 1.33 1.95 64.39 
 5 31.34 2.87 2.48 1.65 61.66 
 15 34.88 2.13 4.87 1.22 56.9 
Notes: Based on a VEC model, which was estimated including a constant and one co-integrating vector. The optimal lag-length 
was one based on the AIC, SBIC and HBC criteria. Also, we inspected the residuals for autocorrelation using the LM statistic, no 













Percentage of variance explained by innovations in: 
  DAX30 CAC40 FTSE MIB IBEX35 ATHEX 
DAX30 1 100 0.000 0.000 0.000 0.000 
 5 99.83 0.0011 0.063 0.010 0.0995 
 15 99.03 0.0062 0.364 0.058 0.486 
CAC40 1 12.29 87.71 0.000 0.000 0.000 
 5 11.79  87.70 0.189 0.030 0.48 
 15 10.85 86.34 1.05 1.67 0.12 
FTSE MIB 1 11.17 11.54 72.48 4.80 0.01 
 5 8.51 11.19 74.21 5.64 0.45 
 15 5.08 10.39 75.13 6.96 2.44 
IBEX35 1 23.45 14.58 0.000 61.97 0.000 
 5 23.62 14.44 0.007 61.91 0.023 
 15 23.89 14.22 0.043 61.78 0.067 
ATHEX 1 21.54 5.81 0.578 3.47 68.61 
 5 22.79 6.69 1.733 3.12 65.67 
 15 24.57 8.28 5.21 2.51 59.43 
Notes: Based on a VEC model, which was estimated including a constant and one co-integrating vector. The optimal lag-length 
was one based on the AIC, SBIC and HBC criteria. Also, we inspected the residuals for autocorrelation using the LM statistic, no 















Response of the equity index to one standard deviation shock in: 
  DAX30 CAC40 FTSE MIB IBEX35 ATHEX 
DAX30 1 0.0094 0.0084 0.0071 0.0076 0.0058 
 5 0.0092 0.0084 0.0068 0.0075 0.0061 
 15 0.0090 0.0083 0.0065 0.0074 0.0064 
CAC40 1 0.0001 0.0028 0.0016 0.0014 0.0019 
 5 0.0004 0.0028 0.0020 0.0016 0.0015 
 15 0.0007 0.0028 0.0024 0.0018 0.0011 
FTSE MIB 1 -0.0002 0.0000 0.0031 -0.0001 0.0015 
 5 -0.0008 0.0000 0.0024 -0.0003 0.0022 
 15 -0.0014 0.0000 0.0016 -0.0008 0.0028 
IBEX35 1 0.0000 0.0000 0.0004 0.0037 0.0014 
 5 0.0003 0.0000 0.0007 0.0039 0.0011 
 15 0.0005 0.0000 0.0010 0.0040 0.0009 
ATHEX 1 0.0001 0.0000 0.0002 0.0000 0.0085 
 5 0.0006 0.0000 0.0008 0.0003 0.0080 
 15 0.0012 0.0000 0.0015 0.0006 0.0071 
Notes: The impulse response analysis was conducted based on a VEC model, which was estimated including a constant and 
one co-integrating vector. The optimal lag-length was one based on the AIC, SBIC and HBC criteria. Also, we inspected the 
residuals for autocorrelation using the LM statistic, no serial correlation was found. Recall the dependent variable in a VEC 
model is the log-returns of the corresponding index, thus the above table reports the changes due to one standard 
deviation shock on the returns series, i.e. multiplied by 100, indicate the basis point that the log-returns change. 
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Response of the equity index to one standard deviation shock in: 
  DAX30 CAC40 FTSE MIB IBEX35 ATHEX 
DAX30 1 0.0111 0.0126 0.0125 0.0132 0.0944 
 5 0.0111 0.0128 0.0128 0.0132 0.0891 
 15 0.0111 0.0130 0.0131 0.0132 0.0873 
CAC40 1 0.0000 0.0047 0.0049 0.0063 0.0049 
 5 0.0000 0.0045 0.0047 0.0063 0.0051 
 15 0.0000 0.0044 0.0046 0.0063 0.0054 
FTSE MIB 1 0.0000 -0.0003 0.0045 0.0000 0.0020 
 5 0.0000 -0.0011 0.0030 0.0000 0.0036 
 15 0.0000 -0.0021 0.0021 0.0000 0.0056 
IBEX35 1 0.0000 0.0001 0.0033 0.0081 0.0036 
 5 0.0000 0.0008 0.0039 0.0082 0.0029 
 15 0.0000 0.0006 0.0043 0.0083 0.0021 
ATHEX 1 0.0001 0.0003 0.00045 0.0000 0.0164 
 5 0.0006 0.0013 0.00181 0.0000 0.0135 
 15 0.0012 0.0026 0.00346 0.0000 0.0119 
Notes: The impulse response analysis was conducted based on a VEC model, which was estimated including a constant and 
one co-integrating vector. The optimal lag-length was one based on the AIC, SBIC and HBC criteria. Also, we inspected the 
residuals for autocorrelation using the LM statistic, no serial correlation was found. Recall the dependent variable in a VEC 
model is the log-returns of the corresponding index, thus the above table reports the changes due to one standard 
deviation shock on the returns series, i.e. multiplied by 100, indicate the basis point that the log-returns change. 
 
